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Consider pendulum is formed of

an inextensible and mass less

string of length 𝒍 = 𝟎. 𝟒𝟓𝒎 having

one of its ends fixed while the other

end carries a particle (P) of mass

100g. 𝐠 = 𝟏𝟎𝐦 ∕ 𝒔𝟐.

Quiz 1:                                      Energy                                       20 min

The pendulum is shifted from its equilibrium position by 𝜽𝒎 =
𝟗𝟎°, then released without initial velocity.

Take the horizontal plane containing FA as a gravitational

potential energy reference for the system [(S), Earth].

We neglect friction on the axis through O and air resistance.
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Quiz 1                                      Energy                                         20 min

1.Calculate the initial mechanical energy of the system [(S),Earth]

when (P) was at D.

2.Determine the expression of the mechanical energy of the system

[(S),Earth] in terms of 𝒍,𝒎, 𝒈, 𝑽 𝒂𝒏𝒅 𝜽, where v is the speed of

(P) when the string passes through a position making an angle 𝛉
with the vertical.

3.Determine the value of 𝜽, (𝟎 < 𝜽 < 𝟗𝟎°), for which the kinetic

energy of (P) is equal to the gravitational potential energy of the

system [(S),Earth].

4.Calculate the magnitude of the velocity 𝐕𝟎 of (P) as it passes

through its equilibrium position.



1.Calculate the initial

mechanical energy of the

system [(S),Earth] when (P)

was at D.

𝑴𝑬𝑫 = 𝑲𝑬𝑫 + 𝑷𝑬𝑫

𝑴𝑬𝑫 =
𝟏

𝟐
(𝟎. 𝟏) 𝟎 𝟐 + 𝟎. 𝟏 × 𝟏𝟎 × 𝒍(𝟏 − 𝒄𝒐𝒔𝜽)

𝑴𝑬𝑫 = 𝟎 + 𝟎. 𝟏 × 𝟏𝟎 × 𝟎. 𝟒𝟓 𝟏 − 𝒄𝒐𝒔𝟗𝟎° 𝐌𝐄𝐃 = 𝟎. 𝟒𝟓𝐉

Quiz 1:                                      Energy                                       20 min

𝒍 = 𝟎. 𝟒𝟓𝒎 ; 𝒎 = 𝟎. 𝟏𝐤𝐠; 𝐠 = Τ𝟏𝟎𝒎 𝒔𝟐; 𝜽𝒎 = 𝟗𝟎°, 𝑽𝑫 =
𝟎𝒎/𝒔; 𝒇 = 𝟎𝑵
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𝑴𝑬𝑫 =
𝟏

𝟐
𝒎𝑽𝑫

𝟐 +𝒎𝒈𝒉𝑫



2.Determine the expression of the ME of the system [(S),Earth]

in terms of 𝒍,𝒎, 𝒈, 𝑽 𝒂𝒏𝒅 𝜽, where v is the speed of (P) when

the string making an angle 𝛉 with the vertical.

𝑴𝑬 = 𝑲𝑬 + 𝑷𝑬

𝑴𝑬 =
𝟏

𝟐
𝒎𝑽𝟐 +𝒎𝒈𝒉

𝑴𝑬 =
𝟏

𝟐
𝒎𝑽𝟐 +𝒎𝒈𝒍(𝟏 − 𝒄𝒐𝒔𝜽)

Quiz 1:                                      Energy                                       20 min

𝒍 = 𝟎. 𝟒𝟓𝒎 ; 𝒎 = 𝟎. 𝟏𝐤𝐠; 𝐠 = Τ𝟏𝟎𝒎 𝒔𝟐; 𝜽𝒎 = 𝟗𝟎°, 𝑽𝑫 = 𝟎𝒎/𝒔;

𝒇 = 𝟎𝑵

𝐁

𝐀

𝜶

(𝐏𝟏) 𝐏

𝐎

𝐅

𝐃

𝛉



3.Determine the value of 𝜽, (𝟎 < 𝜽 < 𝟗𝟎°), for which the kinetic

energy of (P) is equal to the gravitational potential energy of the

system [(S),Earth].

The ME is conserved, because

friction is neglected; then:

𝟐𝐏𝐄 = 𝟎. 𝟒𝟓𝐉

𝟐𝐦𝐠𝒍(𝟏 − 𝐜𝐨𝐬𝜽) = 𝟎. 𝟒𝟓𝐉

𝟐 × 𝟎. 𝟏 × 𝟏𝟎 × 𝟎. 𝟒𝟓(𝟏
− 𝐜𝐨𝐬𝜽) = 𝟎. 𝟒𝟓𝑱

𝒄𝒐𝒔𝜽 = 𝟎. 𝟓 𝜽 = 𝟔𝟎°

Quiz 1:                                      Energy                                       20 min

𝒍 = 𝟎. 𝟒𝟓𝒎 ; 𝒎 = 𝟎. 𝟏𝐤𝐠; 𝐠 = Τ𝟏𝟎𝒎 𝒔𝟐; 𝜽𝒎 = 𝟗𝟎° , 𝑽𝑫 =
𝟎𝒎/𝒔; 𝒇 = 𝟎𝑵

𝑴𝑬 = 𝑴𝑬𝑫

But given 𝐊𝐄 = 𝐏𝐄 then:

𝐏𝐄 + 𝐏𝐄 = 𝟎. 𝟒𝟓𝐉

𝐊𝐄 + 𝐏𝐄 = 𝟎. 𝟒𝟓𝐉



4.Calculate the magnitude of the velocity 𝐕𝟎 of (P) as it passes

through its equilibrium position

Quiz 1:                                      Energy                                       20 min

𝒍 = 𝟎. 𝟒𝟓𝒎 ; 𝒎 = 𝟎. 𝟏𝐤𝐠; 𝐠 = Τ𝟏𝟎𝒎 𝒔𝟐; 𝜽𝒎 = 𝟗𝟎°, 𝑽𝑫 =
𝟎𝒎/𝒔; 𝒇 = 𝟎𝑵

𝑴𝑬𝑶 = 𝑲𝑬𝑶 + 𝑮𝑷𝑬𝑶

𝟎. 𝟒𝟓𝐉 =
𝟏

𝟐
𝒎𝑽𝟎

𝟐 +𝒎𝒈𝒉𝟎

𝟎. 𝟒𝟓𝐉 = 𝟎. 𝟓 × 𝟎. 𝟏𝑽𝟎
𝟐 + 𝟎. 𝟏 × 𝟏𝟎(𝟎)

𝟎. 𝟒𝟓𝐉 = 𝟎. 𝟎𝟓𝑽𝟎
𝟐

𝑽𝟎
𝟐 =

𝟎. 𝟒𝟓

𝟎. 𝟎𝟓

𝑽𝟎
𝟐 = 𝟗

𝑽𝟎 = 𝟑𝒎/𝒔



Quiz                                       Energy                                 20 min

When (P) passes through the

equilibrium position, the string is

cut, and (P) enters in a collision

with a stationary particle (𝑷𝟏) of

mass 𝒎𝟏 = 𝟐𝟎𝟎𝒈.
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As a result of collision (𝑷𝟏) moves along the frictionless horizontal

track FA and reaches A with the speed 𝑽𝟏 = 𝟐𝒎/𝒔.

(𝑷𝟏) continues along the line of greatest slope of the inclined frictionless

plane AB that makes an angle 𝜶 = 𝟑𝟎°with the horizontal.



Quiz                                       Energy                                 20 min
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a. Determine the altitude of the

point M between A and B at

which (P1) turns back.

b. In fact, AB is not frictionless,

(𝑷𝟏 ) reaches a point N and

turns back, where AN = 20 cm.

Calculate the magnitude of the force of friction (assumed

constant) along AN.



a)Determine the altitude of the point M between A and B at

which (𝐏𝟏) turns back.

At point M the particle (𝐏𝟏 )

returns then: 𝑽𝑴 = 𝟎
𝑴𝑬𝑨 = 𝑴𝑬𝑴

𝑲𝑬𝑨 + 𝑷𝑬𝑨 = 𝑲𝑬𝑴 + 𝑷𝑬𝑴

Quiz 1:                                      Energy                                       20 min

𝒎𝟏 = 𝟎. 𝟐𝐤𝐠; 𝐠 = Τ𝟏𝟎𝒎 𝒔𝟐; 𝒇 = 𝟎𝑵; 𝑽𝟏 = 𝟐𝒎/𝒔; 𝜶 = 𝟑𝟎°
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𝟏

𝟐
𝒎𝑽𝑨

𝟐 +𝒎𝒈𝒉𝑨 =
𝟏

𝟐
𝒎𝑽𝑴

𝟐 +𝒎𝒈𝒉𝑴



𝟎. 𝟓 × 𝟎. 𝟐 × (𝟐)𝟐+𝟎. 𝟐 × 𝟏𝟎 × 𝟎 = 𝟎. 𝟓 × 𝟎. 𝟐(𝟎)𝟐+𝟎. 𝟐 × 𝟏𝟎𝒉𝑴

Quiz 1:                                      Energy                                       20 min

𝟏

𝟐
𝒎𝟏𝑽𝑨

𝟐 +𝒎𝟏𝒈𝒉𝑨 =
𝟏

𝟐
𝒎𝟏𝑽𝑴

𝟐 +𝒎𝟏𝒈𝒉𝑴

𝟎. 𝟒 = 𝟐𝒉𝑴 𝒉𝑴 =
𝟎. 𝟒

𝟐

𝒉𝑴 = 𝟎. 𝟐𝒎



b) In fact, AB is not frictionless, (𝑷𝟏) reaches a point N and

turns back, where 𝑨𝑵 = 𝟐𝟎𝒄𝒎.

Calculate the magnitude of the force of friction along AN.

Quiz 1:                                      Energy                                       20 min

𝐁

𝐀

𝜶

(𝐏𝟏) 𝐏

𝐎

𝐅

𝐃

𝛉

𝑴𝑬𝑵 = 𝟎 +𝒎𝒈𝒉𝑵

𝑴𝑬𝑵 = 𝟎 +𝒎𝒈𝑨𝑵𝒔𝒊𝒏𝜶
𝒔𝒊𝒏𝜶 =

𝒐𝒑𝒑

𝒉𝒚𝒑
=
𝒉𝑵
𝑨𝑵

𝒉𝑵 = 𝑨𝑵𝒔𝒊𝒏𝜶𝐌𝐄𝐍 = 𝟎. 𝟐 × 𝟏𝟎 × 𝟎. 𝟐𝐬𝐢𝐧𝟑𝟎 = 𝟎. 𝟐𝐉

𝑴𝑬𝑵 = 𝑲𝑬𝑵 + 𝑷𝑬𝑵



Quiz                                       Energy                                 20 min

∆𝑴𝑬𝑨→𝑵 = 𝑾
𝒇𝒓

𝟎. 𝟐 − 𝟎. 𝟒𝑱 = −𝒇 × 𝟎. 𝟐

−𝟎. 𝟐𝑱 = −𝒇𝒓 × 𝟎. 𝟐

𝒇𝒓 = 𝟏𝑵
𝑴𝑬𝑵 −𝑴𝑬𝐀 = −𝒇 × 𝑨𝑵





Quiz 2                                                 Energy                                                  20 min

A particle of mass m = 0.2kg is launched at 𝒕𝟎 = 𝟎, from the ground vertically upward

with an initial speed 𝒗𝟎. Take the ground as a level for gravitational potential energy

reference. Use 𝒈 = 𝟏𝟎𝒎 ∕ 𝒔𝟐

1. Motion without air resistance:

Figure 1 shows the variation of the mechanical energy

of the system (Particle; Earth;) as a function of the

height z during the ascending phase.

1.1.Use the figure to show that, there are no resistive

forces.

1.2.Determine the initial speed 𝒗𝟎.

1.3. Write the expression of the GPE as a function of

the height z, and then draw on the same given figure

the graph that represents the variation of the GPE as a

function of z.



Quiz 2                                                 Energy                                                  20 min

1.4.Draw on the same given figure the graph that represents the variation of the kinetic

energy of the particle.

1.5.Deduce, graphically, the maximum height 𝒁𝒎𝒂𝒙

reached by the particle.



Quiz 2                                                 Energy                                                  20 min

m = 0.2kg; 𝒗𝟎 =?; 𝒈 = 𝟏𝟎𝒎 ∕ 𝒔𝟐

1. Motion without air resistance:

1.1.Use the figure to show that, there are no resistive

forces.

1.2.Determine the initial speed 𝒗𝟎.

Since the ME is constant at ME=10J; then the ME is

conserved.

Therfore, the resistive force is not exist 

M𝐄𝟎 = 𝐆𝐏𝐄 + 𝐊𝐄 M𝐄𝟎 = 𝐦𝐠𝐡 + 𝟏/𝟐𝐦𝒗𝟎
𝟐

𝟏𝟎 = 𝟎. 𝟐 × 𝟏𝟎 × 𝟎 + 𝟏/𝟐 × 𝟎. 𝟐𝒗𝟎
𝟐

𝟏𝟎 = 𝟎. 𝟏𝒗𝟎
𝟐 𝒗𝟎

𝟐 =
𝟏𝟎

𝟎. 𝟏
= 𝟏𝟎𝟎 𝒗𝟎 = 𝟏𝟎𝟎 = 𝟏𝟎𝒎/𝒔



Quiz 2                                                 Energy                                                  20 min

1.3. Write the expression of the GPE as a function of the height z, and then draw on the

same given figure the graph that represents the variation of the GPE as a function of z.

𝑮𝑷𝑬 = 𝒎𝒈𝒉

𝑮𝑷𝑬 = 𝟎. 𝟐 × 𝟏𝟎 × 𝒛

𝑮𝑷𝑬 = 𝟐𝒛

Z 1 2 3 4 5

𝐆𝐏𝐄 = 𝟐𝐳 2 4 6 8 10

𝐆𝐏𝐄



Quiz 2                                                 Energy                                                  20 min

1.4.Draw on the same given figure the graph that represents the variation of the kinetic

energy of the particle.

𝐆𝐏𝐄

𝐌𝐄 = 𝐆𝐏𝐄 + 𝐊𝐄

𝟏𝟎 − 𝐆𝐏𝐄 = 𝐊𝐄

Z 1 2 3 4 5

𝐆𝐏𝐄 = 𝟐𝐳 2 4 6 8 10

KE 8 6 4 2 0

𝑲𝑬



Quiz 2                                                 Energy                                                  20 min

1.5.Deduce, graphically, the maximum height 𝒁𝒎𝒂𝒙 reached by the particle.

𝐆𝐏𝐄

𝑲𝑬

At the maximum height 𝒁𝒎𝒂𝒙 reached by the particle;

the speed become zero (v=0).

Therfore, KE=0J.

From the graph, KE=0J at Z=5m



Quiz 2                                                 Energy                                                  20 min

Motion with air resistance:

The particle is subjected to air resistance whose direction is opposite to the velocity v of

the particle and whose magnitude is 𝒇 = 𝟎. 𝟓𝑵.

The adjacent figure (2) represents the variations of the

kinetic of the particle as a function of the height z,

during the ascending of the particle.

2.1.Determine the expression of the kinetic energy of

the particle as function of z.

2.2.Show that the expression of the mechanical energy

of the system is 𝑴𝑬 = −𝟎. 𝟓𝒛 + 𝟏𝟎
2.3.Determine the maximum height reached by the

particle.



Quiz 2                                                 Energy                                                  20 min

2.4.Show that at any instant t the relation between the algebraic value v of the velocity of

the particle and its altitude z above the ground is: 𝟎. 𝟏𝒗𝟐 + 𝟐. 𝟓𝒛 = 𝟏𝟎

2.5.Deduce the algebraic value of the acceleration of

the particle.



Quiz                                           Energy                                       20 min

2.1.Determine the expression of the kinetic energy of the particle as function of z.

The graph of KE is S.t line of general equation:

𝑲𝑬 = 𝒂𝒛 + 𝒃

𝒂 = 𝒔𝒍𝒐𝒑𝒆 =
𝑲𝑬𝟐 −𝑲𝑬𝟏
𝒁𝟐 − 𝒁𝟏

=
𝟏𝟎 − 𝟎

𝟎 − 𝟒
= −𝟐. 𝟓

The constant b is the y-intercept:

𝒃 = 𝟏𝟎

𝑲𝑬 = 𝒂𝒛 + 𝒃

𝑲𝑬 = −𝟐. 𝟓𝒛 + 𝟏𝟎



Quiz                                           Energy                                       20 min

2.2.Show that the expression of the mechanical energy of the system is 𝑴𝑬 = −𝟎. 𝟓𝒛 +
𝟏𝟎

2.3.Determine the maximum height reached by the

particle.

𝐌𝐄 = 𝐆𝐏𝐄 + 𝐊𝐄 𝐌𝐄 = 𝐦𝐠𝐡 + −𝟐. 𝟓𝒛 + 𝟏𝟎

𝐌𝐄 = 𝟎. 𝟐 × 𝟏𝟎𝐳 + −𝟐. 𝟓𝒛 + 𝟏𝟎

𝐌𝐄 = 𝟐𝐳 + −𝟐. 𝟓𝒛 + 𝟏𝟎

𝐌𝐄 = −𝟎. 𝟓𝒛 + 𝟏𝟎

At the maximum height 𝒁𝒎𝒂𝒙 reached by the particle;

the speed become zero (v=0).

Therfore, KE=0J. From the graph, KE=0J at Z=4m



Quiz 2                                                 Energy                                                  20 min

2.4.Show that at any instant t the relation between the algebraic value v of the velocity of

the particle and its altitude z above the ground is: 𝟎. 𝟏𝒗𝟐 + 𝟐. 𝟓𝒛 = 𝟏𝟎

𝐌𝐄 = 𝐆𝐏𝐄 + 𝐊𝐄 𝐌𝐄 = 𝟏/𝟐𝒎𝒗𝟐 +𝐦𝐠𝐡

−𝟎. 𝟓𝒛 + 𝟏𝟎 =
𝟏

𝟐
× 𝟎. 𝟐𝒗𝟐 + 𝟎. 𝟐 × 𝟏𝟎 × 𝒛

−𝟎. 𝟓𝒛 + 𝟏𝟎 = 𝟎. 𝟏𝒗𝟐 + 𝟐𝒛

𝟏𝟎 = 𝟎. 𝟏𝒗𝟐 + 𝟐𝒛 + 𝟎. 𝟓𝒛

𝟏𝟎 = 𝟎. 𝟏𝒗𝟐 + 𝟐. 𝟓𝒛



Quiz 2                                                 Energy                                                  20 min

2.5.Deduce the algebraic value of the acceleration of the particle.

𝟏𝟎 = 𝟎. 𝟏𝒗𝟐 + 𝟐. 𝟓𝒛

Derive the above expression w.r.t 

𝟎 = 𝟎. 𝟏 𝟐𝒗. 𝒗′ + 𝟐. 𝟓. 𝒗

𝟎 = 𝟎. 𝟐𝟐. 𝒂 + 𝟐. 𝟓

𝟎 = 𝟎. 𝟏 𝟐𝒗. 𝒗′ + 𝟐. 𝟓. 𝒗……………………(÷ 𝒗)

𝒂 =
−𝟐. 𝟓

𝟎. 𝟐𝟐
= −𝟏𝟏. 𝟑𝟔𝒎/𝒔𝟐

𝟎. 𝟐𝟐. 𝒂 = −𝟐. 𝟓




